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Background: Few internal medicine residency programs provide formal ultrasound training. This study sought to
assess the feasibility of simulation based ultrasound training among first year internal medicine residents and
measure their comfort at effectively using ultrasound to perform invasive procedures before and after this
innovative model of ultrasound training.
Methods: A simulation based ultrasound training module was implemented during intern orientation that
incorporated didactic and practical experiences in a simulation and cadaver laboratory. Participants completed
anonymous pre and post surveys in which they reported their level of confidence in the use of ultrasound
technology and their comfort in identifying anatomic structures including: lung, pleural effusion, bowel, peritoneal
cavity, ascites, thyroid, and internal jugular vein. Survey items were structured on a 5-point Likert scales (1 =
extremely unconfident, 5 = extremely confident).
Results: Seventy-five out of seventy-six interns completed the pre-intervention survey and 55 completed the post-
survey. The mean confidence score (SD) increased to 4.00 (0.47) (p < 0.0001). The mean (SD) comfort ranged from
3.61 (0.84) for peritoneal cavity to 4.48 (0.62) for internal jugular vein. Confidence in identifying all anatomic
structures showed an increase over the pre-intervention means (p < 0.002).
Conclusion: A simulation based ultrasound learning module can improve the self-reported confidence with which
residents identify structures important in performing invasive ultrasound guided procedures. Incorporating an
ultrasound module into residents’ education may address perceived need for ultrasound training, improve
procedural skills, and enhance patient safety.
Background
Hospitalists and internal medicine residents perform
bedside invasive procedures such as thoracentesis, para-
centesis, and central venous catheter (CVC) placement
in many teaching hospitals in the United States. Data
suggests that the use of ultrasound guidance during
these procedures can decrease complications, improve
procedure related outcomes, and enhance patient safety
[1-3]. However, many internal medicine residents lack
formal training in ultrasound use.
The use of ultrasound to perform invasive procedures
has been shown to be effective. Sonographic imaging
enables delineation of structural abnormalities and tissue
planes better than superficial anatomic landmarks,
allowing invasive procedures to be performed with fewer
complications [4]. Real time ultrasound guidance was
shown to be the most important factor in lowering the
rate of iatrogenic pneumothorax [1]. In one study, ultra-
sound guided thoracentesis decreased the rate of iatro-
g e n i cp n e u m o t h o r a xb y5 4 %[ 5 ] .L i k e w i s e ,u l t r a s o u n d
guided CVC placement decreases the number of arterial
punctures and attempts [6] and is generally recom-
mended for central vein cannulation [2]. In a cross-sec-
tional study examining residents’ comfort with
performing bedside procedures, residents reported that
the use of ultrasound was one of the most important
factors to avoid procedural complications [7]. Thus, the
use of ultrasound during invasive procedures has
become the standard of care at many institutions in
order to promote patient safety.
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ness of ultrasound, evidence suggests that training resi-
dents and hospitalists in the use of ultrasound is feasible
and successful. After a brief educational intervention,
internal medicine residents were able to correctly per-
form and interpret the results of ultrasound screening of
abdominal aortic aneurysms [8]. Likewise, emergency
medicine residents demonstrated appropriate use of
ultrasonography to detect acute deep venous thrombosis
following a 90 minute didactic and hands-on session on
ultrasound technique taught by senior vascular techni-
cians [9]. Similarly, hospitalists were educated on the
use of hand-held ultrasound machines to aid in cardiac
examination and were found to have increased accuracy
in detecting left ventricular failure, cardiomegaly, and
pericardial effusion when compared with expert cardiol-
ogists [10].
Literature on ultrasound training workshops suggests
different models of teaching ultrasound-guided CVC
placement and thoracentesis. Anesthesia physicians’
comfort and use of ultrasound for central vein cannula-
tion increased after a training workshop using varying
homemade models of rubber tubes mimicking vessels
[11]. Pulmonologist demonstrated competence in ultra-
sound-guided thoracentesis after completing a half-day
workshop utilizing cadaveric and inanimate models
under supervision, while doing a minimum of 10 proce-
dures on real patients [12]. Data regarding models for
teaching ultrasound guided paracentesis is limited.
While the use of ultrasound in medicine has been
shown to be useful, effective and teachable, formal train-
ing in ultrasound in internal medicine residency is not
common as evidenced by the lack of available literature
on ultrasound training. Internal medicine residents’
experience and comfort level with ultrasound-guided
invasive procedures also remains unclear. Our hypoth-
eses are as follows: i. training residents in the use of
ultrasound to perform clinically relevant procedures is
feasible and will improve their ability to perform proce-
dures during their training; ii. Improved ultrasound use
will lead to less procedure related complications and
enhanced patient safety. In this study, we sought to
assess the feasibility of incorporating an ultrasound
training workshop utilizing resident volunteers and
cadaveric models during intern orientation and evaluate
the comfort of first year internal medicine residents in
using ultrasound to perform invasive procedures before
and after the ultrasound training module.
Methods
Our internal medicine residency program incorporates a
mandatory procedure workshop during intern orienta-
tion. The workshop is led by subspecialty fellows, staff,
and senior medical resident volunteers and utilizes
cadaveric models to teach lumbar puncture, thoracent-
esis, and paracentesis [13]. This study incorporated an
ultrasound training module into the procedure work-
shop during intern orientation in June 2009. The mod-
ule consisted of a 40 minute didactic session, followed
by 80 minutes of “hands-on” practice. [See additional
file 1 for a diagrammatic representation of the study
design.] The didactic session focused on principles of
ultrasound imaging, machine controls and techniques of
optimal image acquisition. It was taught by a board cer-
tified internal medicine physician who has also com-
pleted radiology residency. During the first 20 minutes
of the hands-on session, residents were oriented to the
ultrasound machine and its controls and practiced
image acquisition. This was followed by the identifica-
tion of anatomic structures including internal jugular
vein and thyroid gland on resident volunteers. The next
60 minutes of the hands-on session took place in our
institution’s simulation center where residents practiced
ultrasound guidance to perform thoracentesis and para-
centesis on fresh non-embalmed cadavers with saline
infused pleural and peritoneal spaces. The following
machines were used during this workshop: SonoSite
Titan with a C15 4-2 MHz transducer; SonoSite Micro-
maxx with C60e 5-2 MHz and L25e 13-6 MHz transdu-
cers; SonoSite S series and SonoSite M-Turbo with a
C60x 5-2 MHz transducer. During the first 20 minutes
of the hands-on session, residents practiced the use of
ultrasound at two stations. The first station was dedi-
cated to lung structures. The cadaver was in a seated
position to mimic a real-life situation. Thoracentesis kits
were provided and residents were asked to identify
pleural space, lung tissue, and pleural effusion and
attempt thoracentesis with ultrasound. The second sta-
tion was dedicated to abdominal structures. The cadaver
was in a supine position. Residents were asked to iden-
tify peritoneal space, ascetic fluid, bowel, and attempt
paracentesis using ultrasound. The next 40 minutes
were divided into two segments of 20 minutes. There
were four stations; two stations dedicated to abdominal
structures and paracentesis and two were dedicated to
lung, pleural space, and thoracentesis. The abdominal
stations were led by a gastrointestinal fellow and the
lung stations were led by pulmonary and critical care
fellows. The fellows were expected to teach the residents
the indications, risks, and benefits of paracentesis and
thoracentesis and educate them about the use of ultra-
sound to perform these procedures.
This study was approved by the Institutional Review
Board. Residents completed anonymous pre and post-
module surveys rating the following questions on a 5-
point Likert scale (1 = extremely unconfident, 3 = neu-
tral, 5 = extremely confident): 1) “How confident do you
feel in your understanding of the principles behind the
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dures in internal medicine?” 2) “How confident are you
that further training on ultrasound principles and tech-
niques will increase your comfort level with ultrasound
use for invasive procedures?” 3) “How comfortable do
you feel identifying the following structures: lung,
pleural effusion, bowel, peritoneal cavity, ascites, thyroid,
and internal jugular vein on ultrasound?” Interns were
also asked to rate their agreement with the following
statements on a similar scale (1 = strongly disagree, 3 =
neutral, 5 = strongly agree): 4) “Ready access to ultra-
sound equipment for residents on inpatient medical ser-
vices would increase my comfort level with performing
invasive procedures on the medical wards” and 5) “I
anticipate performing invasive procedures such as thora-
centeses and paracenteses frequently after residency gra-
duation.” Since surveys were anonymous, traditional
paired t-tests were not possible. In order to be most
conservative in our analysis, we systematically paired
scores to minimize the mean difference and maximize
the variability. This created the most unfavorable pair-
ings with respect to our hypothesis, allowing us to cal-
culate conservative upper bounds on the p-values for
the unavailable paired t-tests. These conservative p-
values were assessed for significance at the 0.01 level.
Results
Seventy-five (99%) interns completed the pre-interven-
tion survey. Mean (SD) confidence in understanding the
use of ultrasound during invasive procedures was 2.63
(0.97) and in the ability of further training to increase
comfort level was 4.55 (0.98) (Table 1). Mean (SD) com-
fort in identifying the seven structures ranged from 2.08
(1.06) for thyroid to 2.83 (1.10) for internal jugular vein.
Mean (SD) agreement that access to ultrasound equip-
ment on inpatient services would increase comfort level
with invasive procedures was 4.45 (1.00) while anticipa-
tion of performing invasive procedures after residency it
was 3.40 (1.30).
Following the intervention, 55 (72%) interns again
rated their confidence in understanding the use of ultra-
sound, and the mean (SD) increased to 4.00 (0.47).
Sixty-one (80%) interns again rated their comfort with
identifying the seven structures, and mean (SD) comfort
ranged from 3.61 (0.84) for peritoneal cavity to 4.48
(0.62) for internal jugular vein. Residents’ confidence in
identifying all seven anatomic structures showed an
increase over the pre-intervention means (Table 1).
The conservative upper bounds for the paired t-test p-
values showed a significant increase in confidence in the
understanding of ultrasound principles (p < .0001) and
significant increases in comfort identifying all seven
structures (all p < .002).
Discussion
To our knowledge, this study describes the first formal
ultrasound training module as part of a required orien-
tation for incoming internal medicine residents. Our
results demonstrate that internal medicine residents
recognize the need to perform ultrasound guided proce-
dures in their future careers and desire further training
in ultrasound techniques. Our ultrasound training mod-
ule increased residents’ self-reported comfort with the
use of ultrasound for identification of selected anatomi-
cal structures and guided invasive procedures. We found
the largest improvement in identifying the internal
Table 1 Summary of Survey Responses
Least
Favorable
PRE POST Difference Paired
Difference
Survey Question n Mean SD n Mean SD Mean SD Mean SD P-value***
How confident* do you feel in your understanding of the
principles behind the use of ultrasound technology to perform
invasive procedures in internal medicine?
75 2.63 0.97 55 4.00 0.47 1.37 0.80 1.00 1.15 <.0001
How comfortable** do you feel identifying the following on
ultrasound?
Lung 75 2.52 1.04 61 4.00 0.61 1.48 0.88 1.13 1.34 <.0001
pleural effusion 75 2.61 1.03 61 4.16 0.55 1.55 0.85 1.25 1.31 <.0001
Bowel 75 2.45 1.08 61 3.64 0.78 1.19 0.96 0.85 1.62 0.0001
peritoneal cavity 75 2.51 1.13 61 3.61 0.84 1.10 1.01 0.75 1.74 0.0012
Ascites 74 2.81 1.13 61 3.82 0.79 1.01 0.99 0.67 1.62 0.0019
Thyroid 75 2.08 1.06 61 3.95 0.92 1.87 1.00 1.62 1.89 <.0001
internal jugular vein 75 2.83 1.10 61 4.48 0.62 1.65 0.91 1.34 1.53 <.0001
*Level of confidence rated on a 5 point Likert scale (1 = extremely unconfident, 3 = neutral, 5 = extremely confident)
**Level of comfort rated on a 5 point Likert scale (1 = extremely uncomfortable, 3 = neutral, 5 = extremely comfortable)
***conservative upper bound on traditional paired t-test
Keddis et al. BMC Medical Education 2011, 11:75
http://www.biomedcentral.com/1472-6920/11/75
Page 3 of 5jugular vein, which has clinically relevant ramification
when residents are attempting central line placement in
critically ill patients, and in identifying the thyroid
gland. This likely occurred because residents were asked
to identify these structures on resident volunteers, thus
allowing for a real-life image with the ultrasound. Resi-
dents comfort also increased for the identification of
lung and pleural effusion, which may decrease the inci-
dence of pneumothorax when bedside thoracentesis are
done under ultrasound guidance. Interestingly, the smal-
lest mean difference in resident confidence was in iden-
tification of peritoneal cavity and ultrasound guided
paracentesis. We postulate that this occurred because of
difficulty in replicating abdominal ascites in cadavers.
The infused saline layered to the flanks and the loss of
bowel gas made the separation of bowel and peritoneal
fluid images more difficult to detect. These findings
have important implications in patient care and high-
light the need for creative ways to teach physicians how
to acquire the skill of effective use of ultrasound
imaging.
This study was conducted within a single, albeit large,
internal medicine residency program therefore further
research is needed to determine whether the results are
generalizable to other training environments. Further,
residents’ confidence with ultrasound use was self-
reported; we did not obtain an objective measure of resi-
dents’ ultrasound skill. Finally, since data were anon-
ymous traditional paired t-tests were not possible, we still
identified significant and educationally meaningful differ-
ences between pre and post assessments using the most
conservative and unfavorable pairings (i.e. worst case sce-
nario) with respect to our hypothesis. Despite these lim-
itations, this study highlights several important lessons.
Implementation of an ultrasound training module is both
feasible and initially effective. The effectiveness of an
ultrasound module should be assessed by comfort level,
knowledge, and skill over frequent time intervals
throughout residency training. This study showed signifi-
cant improvement in comfort level. Moreover, the use of
cadavers was shown to be helpful in teaching ultrasound
guided thoracentesis, but less effective in teaching para-
centesis. Future study will incorporate objective knowl-
edge and observed skill assessment at four month
intervals, establish resident run ultrasound-guided para-
centesis teams, and reassess the comfort of residents in
performing ultrasound-guided procedures after an easily
accessible ultrasound machine becomes available.
Conclusions
An ultrasound training module can be incorporated as a
mandatory component of physician orientation. Our
study shows how an ultrasound training module can
help prepare internal medicine residents to effectively
use ultrasound for invasive procedures. Further study is
needed to objectively assess knowledge retention and
skill acquisition post-ultrasound training and investigate
correlation between ultrasound trained physicians and
improved procedural safety.
Additional material
Additional file 1: Study Design Diagram. A diagrammatic
representation of the study design, detailing the workshop process.
Acknowledgements
This study was supported in part by the Mayo Clinic Internal Medicine
Residency Office of Educational Innovations as part of the ACGME
Educational Innovations Project.
Author details
1Division of Nephrology, Mayo Clinic, 200 First Street SW, Rochester, MN,
55905, USA.
2Division of Cardiovascular Diseases, Mayo Clinic, 200 First Street
SW, Rochester, MN, 55905, USA.
3Division of General Internal Medicine, 200
First Street SW, Rochester, MN, 55905, USA.
4Division of Community Internal
Medicine, 200 First Street SW, Rochester, MN, 55905, USA.
5Department:
Internal Medicine Residency Office of Educational Innovations, Mayo Clinic,
200 First Street SW, Rochester, MN, 55905, USA.
Authors’ contributions
AB was the main contributor to study conception and design. She
developed and taught the didactic and hands-on session during orientation.
She facilitated data collection and entry and provided background literature
search, several substantial revisions to the manuscript, and approved the
final version to be published. PYT assisted with statistical support, provided
significant feedback on different sections of the manuscript, and approved
final version to be published. AJH contributed to analysis and interpretation
of data. He provided feedback on methods, and created table with results.
DAR assisted with interpretation of results and provided feedback on
multiple revisions and approved the final version to be published. MWC
assisted in background literature search and design of the project. He
helped with teaching and collection of the data. He contributed to the
manuscript and approved the final version to be published. FHM assisted
with statistical support and provided feedback on the manuscript. MTK
assisted with background literature search, conception, and design of the
project. She helped with teaching and collection of data. She created first
draft and worked on multiple revisions and approved final version to be
published. All authors read and approved this final manuscript.
Competing interests
All co-authors have reviewed this manuscript and agree with its content.
This manuscript is not under review by any other publication. No financial
or conflict of interest to disclose.
Received: 29 March 2011 Accepted: 28 September 2011
Published: 28 September 2011
References
1. Gordon CE, Feller-Kopman D, Balk EM, Smetana GW: Pneumothorax
following thoracentesis: a systematic review and meta-analysis. Arch
Intern Med 2010, 170(4):332-339.
2. Hind D, Calvert N, McWilliams R, Davidson A, Paisley S, Beverley C,
Thomas S: Ultrasonic locating devices for central venous cannulation:
meta-analysis. Bmj 2003, 327(7411):361.
3. Ultrasound Guidance of Central Vein Catheterization. [http://archive.ahrq.
gov/clinic/ptsafety/chap21.htm].
4. Alpert JS, Mladenovic J, Hellmann DB: Should a Hand-carried Ultrasound
Machine Become Standard Equipment for Every Internist? The American
Journal of Medicine 2009, 122(1):1-3.
Keddis et al. BMC Medical Education 2011, 11:75
http://www.biomedcentral.com/1472-6920/11/75
Page 4 of 55. Barnes TW, Morgenthaler TI, Olson EJ, Hesley GK, Decker PA, Ryu JH:
Sonographically guided thoracentesis and rate of pneumothorax. J Clin
Ultrasound 2005, 33(9):442-446.
6. Froehlich CD, Rigby MR, Rosenberg ES, Li R, Roerig PL, Easley KA,
Stockwell JA: Ultrasound-guided central venous catheter placement
decreases complications and decreases placement attempts compared
with the landmark technique in patients in a pediatric intensive care
unit. Crit Care Med 2009, 37(3):1090-1096.
7. Mourad M, Kohlwes J, Maselli J, Auerbach AD: Supervising the
supervisors–procedural training and supervision in internal medicine
residency. J Gen Intern Med 2010, 25(4):351-356.
8. Riegert-Johnson DL, Bruce CJ, Montori VM, Cook RJ, Spittell PC: Residents
can be trained to detect abdominal aortic aneurysms using personal
ultrasound imagers: a pilot study. Journal of the American Society of
Echocardiography 2005, 18(5):394-397.
9. Jacoby J, Cesta M, Axelband J, Melanson S, Heller M, Reed J: Can
emergency medicine residents detect acute deep venous thrombosis
with a limited, two-site ultrasound examination? Journal of Emergency
Medicine 2007, 32(2):197-200.
10. Martin LD, Howell EE, Ziegelstein RC, Martire C, Whiting-O’Keefe QE,
Shapiro EP, Hellmann DB: Hand-carried ultrasound performed by
hospitalists: does it improve the cardiac physical examination? Am J Med
2009, 122(1):35-41.
11. Di Domenico S, Santori G, Porcile E, Licausi M, Centanaro M, Valente U:
Inexpensive homemade models for ultrasound-guided vein cannulation
training. J Clin Anesth 2007, 19(7):491-496.
12. Duncan DR, Morgenthaler TI, Ryu JH, Daniels CE: Reducing iatrogenic risk
in thoracentesis: establishing best practice via experiential training in a
zero-risk environment. Chest 2009, 135(5):1315-1320.
13. Oxentenko AS, Ebbert JO, Ward LE, Pankratz VS, Wood KE: A
multidimensional workshop using human cadavers to teach bedside
procedures. Teach Learn Med 2003, 15(2):127-130.
Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1472-6920/11/75/prepub
doi:10.1186/1472-6920-11-75
Cite this article as: Keddis et al.: Effectiveness of an Ultrasound Training
Module for Internal Medicine Residents. BMC Medical Education 2011
11:75.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Keddis et al. BMC Medical Education 2011, 11:75
http://www.biomedcentral.com/1472-6920/11/75
Page 5 of 5